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Abstract:

In the present work, an attempt has been made to study in detail the seismicity of the
Surghar, Marwat, Khisor, Pezu and Manzai Ranges, which are known as the western
extension of the Salt Range. For this purpose all available earthquake data with
magnitude > 3.0 mb from both international seismological networks as well as the local
seismic observatories has been collected and seismicity map of the area has been
prepared for the period of 1904-2002. Based upon this seismicity map, the study area
appears to be more active as compared to the adjacent regions of the Bannu Basin and
the Punjab plains. The seismicity is mostly concentrated along the Surghar Thrust, Pezu
Fault and the Kurram Thrust. A total of nine focal mechanism solutions of seismic
events have been determined. Out of these nine, four are reverse/thrust; three are strike
slip while two are normal, which confirms the dominance of reverse/thrusting over the
strike slip from this part of the NW Himalayan Fold-and-Thrust Belt, Pakistan.

Introduction:

The study area forms part of the NW Himalayan Fold and Thrust Belt, which is
seismically very active. A number of workers (e.g. Verma, 1991; Sercombe et al., 1998;
MonalL.isa et al., 2002; Khwaja et al., 2003; MonaLisa et al., 2004) have attributed
towards the seismicity/tectonics of this one of the seismically active regions of the world
to highlight and understand the ongoing collisional process of the Indo-Pakistan plate
with the Kohistan Island Arc. Besides the N-S compression, as a result of this
convergence, the above-mentioned workers have also recognized transpressional
features. However, in the study area not only the dominance of reverse/thrusting over
the strike slip faulting have been recognized but also the presence of normal component
has also been found. Thus, in the present study the nature of fault motions prevailing at
depth within the western extension of Salt Range are described. Such type of
information, it is hoped would lead to incorporation of seismicity data in future models.

Geology of the Area:

The active fold — and — thrust belt along the northwestern margin of the Indo — Pakistan
plate is divisible into two parts i.e. the Sulaiman belt and the NW Himalayan fold and
thrust belt. The former is believed to be along a zone of transpression, whereas the latter
is associated with the main zone of Himalayan convergence (Jadoon, 1992).

* Department of Earth Sciences, Quaid-i-Azam University Islamabad, Pakistan
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Transpression is considered to be result of the 80 to 900 km long Chaman and Ornach —
Nal Fault Zones (Lawrence and Yeats, 1979) and forms the western plate boundary. In
the Himalayan zone of convergence (Fig.1), the Main Karakoram Thrust (MKT) also
known as the Shyok Suture Zone; Main Mantle Thrust (MMT) also known as the Indus
Suture Zone; Main Boundary Thrust (MBT) and the Salt Range Thrust (SRT) delineate
the major subdivisions of the collision zone (Yeats and Lawrence, 1984; Tahirkheli et
al., 1979).

The study area represents the western extension of the Salt Range. Geologically it forms
part of the foreland zone of the NW Himalayan Fold and Thrust belt. This foreland zone
comprising of Salt Range, Potwar plateau/Kohat plateau and Hazara ranges is an area
bounded by the Salt Range Thrust in the south and the Panjal-Khairabad Fault in the
north (Fig.1). At its eastern end is the nearly N—S running left lateral Jhelum Fault
(Kazmi and Jan, 1997). The western extension of Salt Range, also known as the Trans-
Indus Ranges, comprises of the Surghar, Marwat, Khisor, Pezu and Manzai Ranges,
which form an “S” shaped double re-entrant and surround the Bannu Basin (Fig.2). The
Surghar and Khisor Ranges are asymmetrical and overfolded anticlines. The Marwat
Range is also an anticlinal feature, largely covered by the Siwaliks. Late Permian to
Cretaceous rocks are exposed near its southwestern end are unconformably overlain by
the Siwaliks. The Bhittani and Manzai Ranges are also anticlinal and are entirely
covered by the Siwaliks. The Bhittani anticline has been found to be faulted. A north
dipping thrust, the Surghar Thrust is located along the southern margin of the Surghar
Range. It is probably the western extension of the SRT and continues along the
southern/eastern margin of the Trans-Indus Ranges (Gee, 1989). As compared to the
adjacent Bannu basin, the area appeared to be seismically more active (Fig.2) and there
is a good evidence of ongoing thrust faulting at the base of the Khisor Range. The short
term-teleseismic data from the Tarbela Network shows that the Trans-Indus Range is an
active tectonic feature.

Focal Mechanism Studies:

In the present case, for the determination of focal mechanism solutions, the earthquakes
reported by USGS, ISC and the local networks with magnitudes near 4.0 and above
occurring in the area during the period of 1964-2002 were considered. Nine focal
mechanism solutions (Fig.2 and Tables 1&2) were determined from the P-wave first
motion directions. The parameters for the epicenters and the focal mechanism solutions
of all the nine earthquakes are listed in Tables 1&2.

The standard lower half hemisphere projections on an equal area net have been used.
Visual interpretation of these focal mechanism diagrams generated with the help of a
computer program PMAN (Suetsugu, 1996) that required input of geographic
coordinates, magnitude, focal depth and P wave polarity was carried out for each event.
The other two parameters azimuthal angle and take-off angle are determined by the
software AZMTAK (Suetsugu, 1996). From the large number of events shown in Fig.2,
the above-mentioned parameters were available only for the nine events discussed in
this study.
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Event No.1: is located in the west of Kurram thrust (Fig.2). A pure thrust solution has
been obtained for this event (Fig.3). NE-SW trending and NW dipping nodal plane is
selected as the rupture plane taking into consideration of the trend and dip direction of
the Kurram Thrust.

Event No.2: This event is lying too in between a thrust and an anticline (Fig.2). But the
solution obtained for this event is of pure thrusting (Fig.3), which is in correspondence
with those of the structures present in the area. Taking into consideration of the general
trend of the nearby thrust, the NW dipping nodal plane trending in the NE-SW direction
is selected as the rupture plane.

Event No.3: Like event no.1 this event is located in the west of the Kurram Thrust
(Fig.2). The solution obtained for this earthquake is of normal faulting, again not
matching with the mapped structures. However, based upon the trend (i.e. NE-SW) and
dip (i.e. NW), the NW dipping nodal plane and trending in the NE-SW direction is
considered to be the rupture plane (Fig.3).

Event No.4: is located at the distance of about 6 km NW of the event no.2 (Fig.2). A
pure thrust solution has been obtained for this event (Fig.3). NE-SW trending and NW
dipping Kurram Thrust is passing in the NW of this event. Therefore, NW dipping nodal
plane with NE-SW direction is taken as the rupture plane.

Event No.5: is located in the SW of event no.2 (Fig.2). The solution obtained is of right
lateral strike slip faulting (Fig.3). The nodal plane trending in the NE-SW direction and
dipping in the NW direction is considered as the rupture plane.

Event No.6: is situated in the SSW of the Bhittani thrust (Fig.2). The solution obtained
is of right lateral strike slip (Fig.3). The nodal plane trending in the NNW-SSE direction
with the right lateral sense of motion is selected as the rupture plane as its trend (NNW-
SSE) and nature (right lateral strike slip) matches with the Pezu Fault.

Event No.7: This event is located in between a thrust (no name has been given to this
thrust yet) and an anticline (Fig.2). Contrary to the general structural nature of the area
i.e. the thrusting (reverse) and strike slip, the solution obtained is of normal faulting
(Fig.3). Also both of the nodal planes are trending in the ESE-WNW and ENE-WSW
direction, which is not following the general trend of the mapped structural features,
which is NE-SW or NW-SE. However, on the basis of the dip direction of the thrust
mapped at the nearby place (Fig.2), the nodal plane trending in the ESE-WNW is
considered as the rupture plane.

Event No.8: The Marwat Thrust, Bhittani Thrust and the right lateral strike slip Pezu
Fault are the structural features situated in the SE, SW and south of the location of this
event respectively (Fig.2). The solution obtained for this event is of Thrust with some
right lateral strike slip component (Fig.3), which is in correspondence to the local
structure of the area mentioned above. The nodal plane trending in the NNE-SSW
direction is considered to be the rupture plane as its trend matches with that of the Pezu
fault.
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Event No.9: is situated in the south of the Khisor Thrust (Fig.2). Seeber and
Armbruster, 1979 referred this area as the Punjab Seismic Zone (PSZ). The solution
obtained for this event is of strike slip with normal component (Fig.3). The normal
component may be due to some local feature, which may be activated due to Sargodha
high pushing. Thus taking into consideration the general structural trend of the area, the
NE-SW trending nodal plane is selected as the fault plane.

Summary and Conclusions:

Based upon the seismicity data, the study area is found to be representing moderate
seismic activity. The seismicity is mostly concentrated along the Surghar Thrust, Pezu
Fault and the Kurram Thrust. A total of nine focal mechanism solutions have been
determined. Out of these nine, four are reverse/thrust; three are normal while only two
are strike slip, which shows the dominance of reverse/thrusting over the strike slip from
this part of the NW Himalayan Fold-and-Thrust Belt, Pakistan. P-axes and T-axes,
however, show mixed trend i.e. both NE-SW and NW-SE directions. This shows that
energy is accumulated and released from these directions. Since most of the depth data
has been taken from the local seismological networks therefore the depth estimations for
the events is reliable.
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Table 1
Solution Date . Latitude | Longitude | Depth .
Nos Time Magnitude
) D/IM/Y H: M: S (N) (E) (Kms)
1 20/01/67 9:31:21 34.71 72.36 47 55M,
2 26/07/68 | 20:48:05 32.23 70.19 50 4.2 My
3 714174 16:07:47 32.34 69.89 46 4.8 M,
4 28/05/82 0:58:48 32.36 70.09 18.0 5.0 M,
5 4/1/92 3:35:21 32 70 7.0 5.8 M,
6 1/10/96 16:14:30 32.24 70.53 1.7 4.6 M.
7 23/01/99 9:53:00 32.27 70.2 14.6 5.5 M.
8 16/4/99 22:11:00 32.49 70.8 10 4.8 M.
9 9/11/99 23:59:00 32.09 71.41 4.1 5.0 M.
Table 2
Nature of Fault Plane (FP) Auxiliary Plane (AP) P-Axis T-Axis
FPS Fault
No. Plaqe
Solution Strike Dip Strike Dip Strike Plunge Strike | Plunge
(FPS)
1 THRUST 32° 40°NW 220° 51°SE -54° 6° 163° 83°
2 THRUST 253° 20°NW 35° 74° SE 135° 28° 288° 59°
3 NORMAL 187° 56° W 298° 63°E 155° 46° 61° 4°
4 THRUST 237° 25°NW 18° 85° SE 115° 25° 257° 59°
5 RLSS 200° 87°NW 291° 70°NE 248° 12° 154° 16°
6 RLSS 350° 66° E 85" 79°S 215° 9° 309° 25°
7 NORMAL 281° 35° N 56" 64° SE 286° 63° 163° 15°
8 THRUST 183° 67° W 303° 41°NE 248° 15° 137° 55°
9 LSS 35° 86°SE 131° 34°sw 336° 39° 97° 33°
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